The impairment by irrelevant speech on immediate, serial recall of visually presented items may be interpreted as an effect at either encoding or storage. Experiment l presented speech at input, rehearsal, or recall stages of a serial recall task and showed impairments of equal magnitude at both input and rehearsal. Experiment 2 demonstrated that articulatory suppression modified this impairment equally at both stages, but there was no independent impairment by speech. Experiment 3, using written rather than keyed recall, replicated these findings, with an additional independent impairment by speech, suggesting that the mode of response influenced the rehearsal strategy adopted. The experiments lend unequivocal support to the storage interpretation of the irrelevant speech effect.
The impairment by irrelevant speech on immediate, serial recall of visually presented items may be interpreted as an effect at either encoding or storage. Experiment l presented speech at input, rehearsal, or recall stages of a serial recall task and showed impairments of equal magnitude at both input and rehearsal. Experiment 2 demonstrated that articulatory suppression modified this impairment equally at both stages, but there was no independent impairment by speech. Experiment 3, using written rather than keyed recall, replicated these findings, with an additional independent impairment by speech, suggesting that the mode of response influenced the rehearsal strategy adopted. The experiments lend unequivocal support to the storage interpretation of the irrelevant speech effect.
The present article reports a series of experiments concerned with identifying the locus of the irrelevant speech effect typically observed in short-term memory tasks. There are now abundant data demonstrating impairment for immediate, serial recall of visually presented items in the presence of concurrent irrelevant speech (e.g., Jones, Miles, & Page, 1990; Salame & Baddeley, 1982 . One interpretation of these data, clearly articulated in the literature (e.g., Miles, Jones, & Madden, 1989) , argues that the impairment reflects the operation of both a phonological store and an articulatory control process, together forming the articulatory loop component of the working memory system (Baddeley, 1986) .
The argument takes the following form. Registration of material in .the phonological store may be either direct, for auditory presentation, or indirect, by means of the articulatory loop, for visual presentation. By this account, incoming visual materials are transformed into their corresponding phonological codes by means of the process of articulation. Articulatory rehearsal within the articulatory loop circulates the phonological representations through the phonological store, therein refreshing them and inhibiting trace decay. The interference between those phonological codes representing the visual material and those representing the auditory material within the phonological store underpins the observed impairment. Clearly, this view posits that the irrelevant speech is acting on the memorial processes necessary to perform the task and in particular is acting at the level of the phonological store.
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In contrast to this view, Broadbent (1983) argued that the interference by irrelevant speech is the result of actions on the original encoding of the visually presented material. Although the mechanism responsible for interference was not deafly delineated by Broadbent, the implication is that irrelevant speech damages the original encoding of a visual stimulus, rather than a phonological code formed after the percept. In this sense, the effect of irrelevant speech is strictly prememorial (i.e., the interference does not act on rehearsal processes). This leads to the prediction that visual tasks not requiring obligatory rehearsal of a phonological code for their successful performance should also be susceptible to impairment by irrelevant speech.
A series of studies examining the encoding prediction was performed by Baddeley and Salame (1986) . In the first experiment, subjects were required to make same or different decisions about the case of visually presented pairs of letters. Irrelevant speech exerted no effect on either decision times or error rates. This task does not necessarily require the formulation of phonological codes for its completion, and therefore the findings militate against the strongest interpretation of the encoding argument. Two further experiments in the series required same or different decisions regarding either the rhyme of visually presented pairs of consonants (Experiment 2) or the homophony of visually presented nonwords (Experiment 3). Once again, no effect of irrelevant speech on either decision times or error rates was apparent. Clearly, the latter experiments did require the formulation but not the rehearsal of phonological codes for their completion. Baddeley and Salame therefore concluded that their data were inconsistent with the encoding interpretation of the irrelevant speech effect.
It is unlikely, however, that Experiment 3 in their series (homophony judgments of nonwords) would be impaired by irrelevant speech. Previous studies (e.g., Brown, 1987) have indicated that homophony judgments, unlike rhyme judgments, are insensitive to concurrent articulatory suppression, suggesting that homophony judgments are made independently of the articulatory loop, for instance, by directly accessing the phonological lexicon (see Brown, 1987 , for a discussion). Given the lack of involvement of the articulatory loop in homophony judgments, one would not predict an impairment for such judgments by irrelevant speech.
A second and more telling point is that the results of Experiments 1-3 in the Baddeley and Salame (1986) study can offer no support for the encoding hypothesis because their task simply demonstrates a null effect of irrelevant speech on some nonmemorial processes.' That irrelevant speech impairs memorial processes can only be inferred from those experiments. The present series of experiments has the advantage that a test of the two alternative hypotheses is made within a single paradigm. This is achieved by varying the location of the irrelevant speech within a short-term memory task.
Although the weight of evidence appears to favor memorial explanations of the irrelevant speech effect, only one published study (Hanley & Broadbent, 1987 ) has used a memory task to test directly between the encoding and memory positions. That study examined the effect of irrelevant speech on serial recall of auditorily presented target items. Simultaneous presentation of irrelevant speech and target items was achieved by presenting one set of information to each ear. Subjects were required to attend to the target items only and to ignore the irrelevant speech. An advantage of such a manipulation is that it allows an examination of Broadbent's (1984) account of the irrelevant speech effect. This account states that the speech impairs the process of articulating the target items rather than the phonological codes representing those items. 2 By Salame and Baddeley's (1982) account, target items that are presented auditorily have automatic access to the phonological store. Consequently, the irrelevant speech, which also accesses the phonological store automatically, will cause disruption even under conditions of articulatory suppression. However, if the irrelevant speech works by interfeting with articulation of the target items, then preventing articulation of those items by articulatory suppression should abolish the irrelevant speech effect. Hanley and Broadbent (1987) reported three experiments. The first used a between-subjects design with nine target items requiting serial recall and produced no impairment in recall when irrelevant speech was presented in combination with articulatory suppression. Such a pattern of data favors Broadbent's (1984) position. Two further experiments used withinsubjects designs and modified the task demands. One required articulatory suppression at presentation only or throughout both presentation and recall, and the other used six rather than nine target items. Results of both studies demonstrated clear impairments in recall when the irrelevant speech was combined with articulatory suppression. Hanley and Broadbent concluded that their data were in general consistent with Salame and Baddeley's (1982) memorial explanation.
The three experiments reported here used the traditional short-term visual memory paradigm with a short rehearsal period between presentation of the final item and list recall (see Jones et al., 1990, Experiment 5) . The first experiment in the series compared the effect of irrelevant speech presented at each of the three task stages: input, rehearsal, and output. The critical comparison is between the input and rehearsal stages. Impairment at input but not at rehearsal provides evidence in favor of the encoding argument; the opposite result favors a memorial explanation.
Experiment 1

Method
Subjects. Twenty-four students at University of Wales College of Cardiff(UWCC) participated in the experiment. All subjects reported normal hearing, and each was paid a small honorarium.
Design. The experiment comprised four conditions: speech at input, speech at rehearsal, speech at recall, and quiet. These were combined to produce 24 presentation orders. Therefore, in a repeated measures design each subject received a different presentation order of conditions. Each list of seven consonants was presented in a random order for each successive trial.
Task and materials. The task was based on that used by Jones et al. (1990, Experiment 5) . Lists of seven consonants were presented on the monitor of a British Broadcasting Corporation (BBC) computer. Each list comprised the consonants F, K, L, M, Q, R, and Y presented in a random order and appearing on the computer monitor for 0.8 s, with an interstimulus interval (ISI) of 0.4 s. Each trial was preceded by the warning prompt ready, which appeared on the monitor for 2 s. The period between the appearance of the first consonant and the removal of the final consonant within each trial was defined as the input section of the task.
After each complete list had been presented, the prompt wait appeared for 10 s. During this period, the subject was instructed to engage in covert rehearsal of the consonant sequence. This period was defined as the rehearsal period of the task.
As soon as the wait prompt was replaced by the recall prompt, subjects were required to key their seven responses into a specially adapted keypad (manufactured by Viglen Ltd.) in the order in which they appeared. The keypad had seven active keys, each of which was labeled with one of the seven consonants. The remaining keys were inactive and had blank labels. The period between the appearance of the recall prompt and the typing of the final consonant was defined as the recall period. After the seventh response had been keyed in, the ready prompt appeared to indicate the commencement of another trial.
The "on" and "off" times of the speech were software controlled so that they were coincidental with the start and finish points of each of the three (input, rehearsal, and recall) sections of the task.
The irrelevant speech comprised a tape recording of a female voice reading a prose passage. The tape was played back on a Technics cassette recorder by means of a Quad 33/303 amplifier into a pair of Beyer ETI000 electrostatic headphones. Speech intensity was 70 dB (A), as measured by a Bruel and Kjaer artificial ear (Type 4152) in conjunction with a Bruel and Kjaer sound level meter (Type 2209), taken visually over a 30-s period.
' Our thanks to Nelson Cowan for alerting us to this argument during the reviewing process.
2 Broadbent's position here is rather more specific than his earlier 1983 stance. The implication is that he is interpreting encoding in terms of the process of articulation. For the present series of experiments, however, the distinction is unimportant. Baddeley's (1986) argument holds that speech interferes with phonological codes and that the interference is located at the phonological store component of working memory. In contrast, Broadbent suggested that the effect is localized elsewhere, either at some unspecified encoding process (Broadbent, 1983) or at the process of articulation (Broadbent, 1984) . Both of these interpretations are clearly distinct from Baddeley's position in that they do not depend on the assumption that interference stems from the confusion between phonological codes.
Procedure. Subjects were tested individually for 20 trials in each of the four experimental conditions. An initial practice session (conducted in silence) comprised 3 trials. Three of the four experimental blocks involved presentation of speech (at input, rehearsal, or recall); the fourth was a quiet condition (for the duration of the task).
Task instructions emphasized recording the correct serial order. If a subject was unsure of an item in the sequence, he or she was encouraged to guess the appropriate response. Subjects were asked to ignore the sounds presented over the headphones as best they could. The complete session lasted approximately 30 rain.
Results
Responses were scored with respect to strict serial position; that is, an item had to be recalled in its correct serial position to be scored as correct. A two-factor (4 x 7) within-subjects analysis of variance (ANOVA) was performed on the error recall data, with location of speech and serial position as factors. Main effects of both factors were significant, F(3, 69) = 13.1, MSe = 19.1, p < .001, for location of speech and F(6, 138) = 35.5, MSe = 6.4, p < .001, for serial position. A Newman-Keuls a posteriori pairwise comparison test of the means associated with each of the four experimental conditions (input = 6.2, rehearsal = 6.8, recall = 4.6, quiet = 4.3; range is 0-20) was performed. The analysis revealed significant differences (p < .0 l) between the following comparisons: input versus quiet, rehearsal versus quiet, input versus recall, and rehearsal versus recall.
Discussion
Irrelevant speech exerted impairments of equal magnitude at both the input and the rehearsal stages of the task; such a result rules out the possibility that output processes are sensitive to the irrelevant speech. Let us consider the two positive findings independently.
There are two possible explanations for the impairment at input. The first is that the result reflects genuine damage by speech to the original encoding of the visual items and is thus consistent with Broadbent (1983) . The second rests on the assumption that subjects actively engage in subvocal rehearsal of the visual information before completion of the input stage of the task. On this assumption, irrelevant speech impairs phonological codes formed during the input period of the task. This interpretation is clearly consistent with Salame and Baddeley's (1982) 
It is unlikely that functions of both encoding and rehearsal are jointly susceptible at input because such an argument necessarily predicts greater impairment at input in comparison with rehearsal. This was not the case.
The argument that impairment is due to interference between codes within the phonological store necessitates the assumption that grapheme-to-phoneme translation processes are performed on the visually presented material and that the appropriate phonemic representations are accessed by means of the phonological store. Rehearsal of these items within the articulatory loop is necessary to prevent their trace decay. If rehearsal of target items is prevented by concurrent articulation (e.g., quietly repeating the), then the encoding and memorial hypotheses make different predictions for the effect of irrelevant speech.
The encoding hypothesis suggests that at input the speech damages the original encoding of the items, whereas concurrent articulation prevents subvocal rehearsal of those items. Thus, the two factors (irrelevant speech and articulatory suppression) should exert independent and additive effects at input. For the rehearsal stage of the task, however, there should be no effect of irrelevant speech, only that of concurrent articulation caused by inhibition of subvocal rehearsal of target items. Therefore, the prediction made in the encoding hypothesis is that the joint actions of speech and concurrent articulation should be greater at input than at rehearsal, (It should be noted that this prediction does assume that the effect of articulatory suppression is equally damaging at both the input and the rehearsal stages of the task. This can be checked empirically by comparing the error rates for articulatory suppression alone associated with each of those task stages.)
In contrast, the memorial hypothesis predicts impairments at both input and rehearsal caused by the inability to rehearse target items. The effect of irrelevant speech should be abolished because concurrent articulation prevents the target items from accessing the phonological store. On the assumption made above, the degree of impairment should be equal at both task stages.
Statistically, the encoding hypothesis predicts an interaction between task stage (input and rehearsal) and the irrelevant speech and concurrent articulation variables, with the greatest impairment for the condition in which irrelevant speech and articulatory suppression are presented in combination at the input stage. In contrast, the memorial hypothesis predicts a main effect of experimental condition, with both irrelevant speech combined with articulatory suppression and articulatory suppression in isolation impairing both input and rehearsal. Critically, however, there should be no interaction between task stage and experimental conditions.
The next experiment was designed to examine these predictions. Subjects were required to quietly repeat the throughout either the input or the rehearsal stage of the task, thereby preventing rehearsal of the items. The effect of this requirement was compared with that of presentation of irrelevant speech alone, irrelevant speech in combination with articulatory suppression, and quiet for both the input and the rehearsal stages.
Experiment 2
Method
Subjects, Twenty-four students at UWCC participated in the experiment. None had participated in Experiment 1. All reported normal hearing, and each was paid a small honorarium.
Design. The experiment comprised four experimental conditions:
irrelevant speech with articulatory suppression, articulatory suppression alone, irrelevant speech alone, and quiet. These four conditions were combined to produce 24 different presentation orders. Subjects were assigned at random to each of the presentation orders. One group of 12 subjects was tested in each of the four experimental conditions at the input section of the task only. The other group of 12 subjects was tested in each of the four experimental conditions at the rehearsal section of the task only. The design thus comprised one between-subjects factor with two levels and one within-subjects factor with four levels.
Task and materials. Both the task structure and the irrelevant speech were the same as in Experiment 1.
Procedure. The task was the same as in Experiment 1, and each subject completed 20 trials in each of the four experimental conditions. All subjects were required to suppress rehearsal of the visually presented consonants by the overt repetition of the word the at an approximate rate of two repetitions per second. Those subjects in the input group worked in all four experimental conditions (irrelevant speech with articulatory suppression, irrelevant speech alone, articulatory suppression alone, and quiet). Other components of each trial were performed in quiet. Those subjects in the rehearsal group worked in the same experimental conditions at the rehearsal section of the task only, with remaining components of each trial performed in quiet.
Results
Responses were scored as in Experiment 1. A three-factor (2 x 4 x 7) ANOVA with one between-subjects factor (task stage) and two within-subjects factors (experimental condition and serial position) was performed on these data.
There was no significant difference between the two task stages (F < 1). Experimental condition produced a significant effect, F(3, 66) = 26.7, MSe = 6.7, p < .001, as did serial position, F(6, 132) = 22.5, MSe = 3.8, p < .001. It is important to note that the interaction between task stage and experimental condition predicted by the encoding hypothesis was nonsignificant, F(3, 66) < 1. There were no further main effects or interactions.
A Newman-Keuls a posteriori pairwise comparison of the means associated with each of the four experimental conditions (shown as marginal means in Table 1 ) was computed to isolate those experimental conditions exerting greatest impairment. The following comparisons were all significant at the p < .01 level: irrelevant speech with articulatory suppression versus quiet, articulatory suppression alone versus quiet, articulatory suppression alone versus irrelevant speech alone, and irrelevant speech with articulatory suppression versus irrelevant speech alone. Table 1 also shows that articulatory suppression in isolation and irrelevant speech in combination with irrelevant suppression exerted impairments of equal magnitude at both the input and rehearsal stages of the task, 
Discussion
With one caveat, this pattern of data provides clear support for the memorial hypothesis, corroborating the view that irrelevant speech affects memorial processes and not processes concerned with the original encoding of the target items.
The caveat refers to the one rather unusual feature of these data: the lack of an irrelevant speech effect when presented in isolation. The magnitude of the irrelevant speech effect will always be reduced compared with that of articulatory suppression because suppression inhibits the rehearsal of phonological codes, whereas irrelevant speech confuses their representations but does not interfere with their rehearsal. Nevertheless, it is surprising that in this experiment the normally robust impairment in the speech condition in comparison with quiet was absent.
A number of post hoc possibilities present themselves as candidates for the lack of a speech effect. One is that subjects habituated to the irrelevant speech. Out of practical necessity, some of the subjects in the present series of experiments had participated in other experiments that also involved irrelevant speech. The possibility of habituation to the irrelevant speech effect has been examined directly by Morris and Jones (1990a) . They demonstrated that a 20-min prior exposure to irrelevant speech abolished the normally observed irrelevant speech effect for a memory task presented immediately after the habituation phase. Such an explanation is unlikely to account for the present data, however, because the Morris and Jones study showed habituation to speech for a task presented immediately following the habituation phase. None of the subjects used here had participated in an experiment using speech immediately before the present study. The data were also examined for the possibility that earlier trials in the irrelevant speech condition demonstrated greater impairment than the latter trials. No evidence of such was forthcoming.
It seems that the most likely explanation for the result is that subjects developed alternative strategies when the traditional processes for aiding performance (in this case the articulatory loop) were disabled. Although many changes in human efficiency in conditions of white noise have been attributed to shifts in strategic processing (Miles, 1983) , the proposed mechanisms underlying such changes have rarely been explicitly articulated. However, the original model of working memory proposed by Baddeley and Hitch (1974) is sufficiently developed to support the idea of a change in processing strategy. The original model comprised three principal components: a central executive and two slave systems, the articulatory loop, and the visuospatial scratch pad (see Baddeley, 1986 , for a full review). It is this second slave system that we propose was used to aid performance in the present context.
A number of properties of the visuospatial scratch pad have now been identified: The store holds unparsed and uncategorized representations and has a limited capacity, perhaps of a single pattern (Frick, 1985 (Frick, , 1988 Phillips & Christie, 1977) ; it should therefore be able to hold representations of complex shapes, such as letters, in an unparsed format and be subject to overwriting (Logie, 1986) . Such representations may have a life span of up to 20 s (Morris, 1986) . More recently, Morris (1989) has suggested that the visuospatial scratch pad would probably not be used to encode strings of consonants under normal laboratory circumstances, but may be used if the task required extensive spatial monitoring. The notion that specific task characteristics may activate a number of working memory modules simultaneously has also been suggested previously (e.g., Logie, Baddeley, Mane, Donchin, & Sheptak, 1988; Reisberg, Rappaport, & O'Shaughnessy, 1984) . Indeed, Reisberg et al. put forward the view that the properties of working memory are not fixed but depend on the constituents of working memory that a subject chooses to use while accomplishing a particular task.
The proposal offered here (which is examined in the next experiment) suggests that subjects deployed the resources of the visuospatial scratch pad to represent internally both the visual and the spatial properties of the response keypad. The issue of visual representation versus spatial representation regarding the scratch pad remains as yet unresolved (Logie, 1989) , although the possibility of the existence of two separate systems is acknowledged. In this instance, it is sufficient to be able to point to the scratch pad as a mechanism with the ability to represent both visual and spatial information.
In the condition of irrelevant speech together with articulatory suppression in Experiment 2, the functions of the articulatory loop will have been severely inhibited. Given that it is possible to deploy several modules of working memory simultaneously, a useful strategy would involve the deployment of resources associated with the visuospatial scratch pad. Such a strategy would allow subjects to represent the spatial positions of the letters of the keypad and to update the representation as each letter appears sequentially on the screen.
With respect to Experiment 2, each successive letter presented within a trial required a conditional change in the pattern represented on the scratch pad. Thus, each presented letter necessitated the representation of a new display. Given that the scratch pad can only represent a single pattern, the pattern available to subjects at recall would be that representing the position on the keypad of the final letter presented in a given trial. Presumably, earlier representations may be accessed from longer term memory. It appears theoretically possible to suggest that at recall subjects accessed a visuospatial-scratch-pad-based representation of the position on the keypad of the final item in the sequence, whereas forward serial recall of the earlier items was accessed from longer term stores.
The obvious advantage of such a strategy to the subject is that some of the material normally coded in the articulatory loops is off-loaded to the visuospatial scratch pad. We suggest that this is the reason why the effect of irrelevant speech in the previous experiment was so weak. Such a strategy necessarily reduced the number of items held in the articulatory loop. The phonemic store component of the articulatory loop is particularly important for retaining the fidelity of the phonemic codes when the articulatory loop is at capacity. At subcapacity levels, the function of the phonological store is reduced, and therefore the degree of speech-induced impairment to target items passing through the store is reduced also.
We have argued that subjects developed performance strategies as a consequence of the variety of experimental conditions undertaken. However, for those subjects performing the task first in quiet followed directly by irrelevant speech or vice versa (i.e., before either condition was carried out in combination with articulatory suppression), there should be some indication of the normal speech-induced impairment in recall performance. The data from the 4 subjects meeting this criterion (2 from the input condition and 2 from the rehearsal condition) were analyzed separately. These subjects produced mean error rates of 2.9 in quiet and 3.9 in speech, with 3 subjects showing worse performance in speech.
The final experiment in the series was conducted in an attempt to replicate the effect of .irrelevant speech in the present procedure, with certain modifications introduced to prevent nonarticulatory strategies that subjects might have used in Experiment 2, such as a reliance on a visuospatial form of retention. The technique adopted to test this possibility was to change the method of output from keyed to written responses. It is argued that without the provision of the spatial configuration of the target items provided by the keypad, subjects cannot easily generate a visuospatial representation of the order of their presentation. Experiment 3 was, therefore, the same as Experiment 2, with the exception that written forward serial recall was required. Subjects were provided with response matrices and were required to cover each letter after it was written to prevent review. We predicted the same pattern of results here as reported in Experiment 2, with the additional general impairment in recall under conditions of irrelevant speech.
Experiment 3
Method
Subjects. Twenty-four students at UWCC participated in the experiment. All reported normal hearing. None had participated in Experiment 1 or 2, and all were paid a small honorarium.
Design. The design was the same as that of Experiment 2. Task and materials. Both the task structure and the irrelevant speech were the same as those in Experiment 2.
Procedure. The procedure was the same as that in Experiment 2 with the exception that subjects were required to write their responses. Subjects were provided with response sheets; each response sheet contained seven boxes. Written forward recall was required, and subjects covered each response with blank paper to prevent review.
Results
As in Experiment 2, an ANOVA produced significant main effects for both experimental condition, F(3, 66) = 24.9, MSe = 21.3, p < .0001, and serial position, F(6, 132) = 40.4, MSe = 8.9, p < .001. Neither the effect of task stage nor the interaction between task stage and experimental condition approached significance (F < 1 and F = 1.7, respectively). The interaction between experimental condition and serial position, F(18, 396) = 2.6, MSc = 3.05, p < .05, reflects minor irregularity in the shape of the serial position curve in the irrelevant speech combined with articulatory suppression condition. The effect was not further analyzed because it is irrelevant to the hypotheses under test.
A Newman-Keuis test was performed on the means associated with each of the four experimental conditions (shown as marginals in Table 2 ). The analysis revealed significant differences (p < .01) between the following comparisons: irrelevant speech with articulatory suppression versus quiet, articulatory suppression versus quiet, irrelevant speech versus quiet, irrelevant speech with articulatory suppression versus irrelevant speech, and articulatory suppression versus irrelevant speech.
Discussion
The pattern of data obtained in Experiment 3 mirrors that found in the previous experiment, with the additional finding of a main effect of irrelevant speech when presented in isolation. There was also an increase in the mean percent error rate from 18% (Experiment 2) to 30.9% (Experiment 3).
It was argued earlier that the provision of a response keypad in Experiment 2 facilitated the ordered recall of the target items, thereby rendering the rehearsal process immune to interference by irrelevant speech. In Experiment 3, written responses were required, thus reducing the ease with which a visuospatial representation reflecting the order of presentation of target items could be generated. We suggest that the effect of irrelevant speech was present in this experiment because subjects relied on subvocal rehearsal to perform the task. In this sense the results are completely consistent with the memorial hypothesis of the irrelevant speech effect put forward by Salame and Baddeley (1982) .
An alternative argument for the different result of experiments 2 and 3 might suggest that the written responses required in the latter experiment encouraged a degree of verbal motor planning, and it was this process that was sensitive to the speech. Although this possibility is acknowledged, it seems unlikely to account fully for the finding because effects of irrelevant speech on recall performance using keyed responses are robust (see Experiment 1 in this series and Jones et al., 1990 , Experiment 5, for instance).
The overall increase in error rate in Experiment 3 is consistent with the lack of involvement of the visuospatial scratch pad in the rehearsal process. In addition, the act of writing responses may be slower than that of keying responses, thereby increasing the probability of information decay within the appropriate output buffers. In short, the three experiments reported here demonstrate clear support for the memorial hypothesis. The pattern of the results generated in Experiment 3 can be accounted for by, and is consistent with, the arguments put forward by Baddeley and Salame (1986) .
General Discussion
The primary aim of the present studies was to identify the location of the irrelevant speech effect in short-term memory. Experiment 1 revealed effects of speech at both input and rehearsal, but not at the output stage of the task. The introduction of irrelevant speech in combination with articulatory suppression and presented at either input or rehearsal (Experiment 2) removed the irrelevant speech effect equally for each stage, a result consistent with the memorial hypothesis. Finally, Experiment 3 replicated the results obtained in Experiment 2, but on this occasion irrelevant speech exerted a significant impairment when presented in isolation.
Although the aim of Experiment 3 was secondary to the main concerns of this article, the result does raise some important issues. It alerts us to the flexibility of processing within the memory system and thereby to the question of control. Baddeley 0986) has suggested that the central executive component of working memory may perform the functions of a supervisor, involved in the selection of strategies and the integration of multiple information sources. Clearly, such a mechanism could control the complex cognitive activity suggested in Experiment 2. The precise operation of the central executive has proved difficult to identify (see Morris, 1986 Morris, , 1987 Morris & Jones, 1990b , for further discussion). Until the role of the central executive in a given task can be predicted, there is always the danger of embodying its hypothetical function(s) within a post hoc explanation.
Having established that irrelevant speech impairs memorial processes, one can start to map out precisely how such impairment occurs. One important finding is that qualitatively different acoustic inputs produce varying degrees of impairment in serial recall. For instance, a language foreign to the subject produces impairments of equal mangitude to a familiar language, but white noise causes no disruption (Jones et al., 1990) , suggesting that the semantic component of the auditory input is unimportant. In addition, vocal music impairs immediate recall more than instrumental music, which in turn impairs performance more than quiet (Salame & Baddeley, 1989) , and singing impairs recall whereas humming does not (Morris, Jones, & Quayle, 1989) . One model put forward to accommodate this variety of impairments suggests the existence of an acoustic filter (Jones, Madden, & Miles, in press; Morris & Jones, 1990a; Salame & Baddeley, 1989) . The most recent speculations (see Morris & Jones, 1990a) suggest an acoustic filter with the function of excluding extraneous acoustic input while remaining permeable to phonemic input. These writers have suggested also that the filter habi-tuates to a given acoustic input and that dishabituation occurs when the acoustic input alters.
